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FOREWORD

The Curriculum and Instruction Branch of the Office of Vocational
and Adult Education, U.S. Department of Education, identified a
need to improve the training opportunities for vocational education
students interested in pursuing careers in environmental health.

To fulfill that need, Consumer Dynamics, Inc., a Rockville,
Maryland, based company, was awarded the contract to deve]op
performance oriented, competency-based modules in the environmental
health sciences.

PREPARING DATA FOR ANALYSIS is one of the modules in the series,
“Vocational Education Training in Environmental Health Sciences.'
The module content is 'based on selected materials in the environ-
mental health field. The module is intended to supplement existing
course materials.
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USING THESE SELF-INSTRUCTION Mt™ “RIALS

This self-instr. t -
allow both stuc¢: . -
primarily intern.

~arning package or module is designed to

instructors flexibility of use. Although

-~ in existing training programs, the
module can be useu ¢ ne interested in learning new skills or
perking up o1d ones. rafore, two sets of guidelines are v
presented--one set aa. :<2d to students and the other set addres-
sed to instructors. Fi,. , find out how you, the student, should
use the materials in this book.

GUIDEL INES FOR STUDENTS

Take the
Performance
Test as a
pretest.

Work on parts
you need to
practice.

Work straight
through each
lesson in the
order pre-
sented.

When yiu pick up this book and work through it,
your goal! will not be a letter grade or a high
score on an exam. Instead, you will work to
develop skills that you can measure. You will
not have to worry about how well someone else is
doing. Before you start work on this module, you
should, first, find out if you have sufficient
skills to start training by reading through the
section called PERFORMANCE TEST. If you think
you can do all or most of the items in this test,
ask your instructor to obtain the necessary data
and supplies. You should have had a course in
high schoo! mathematics and have a basic know-
ledge of data collection and preparation
techniques.

If you do everything well, according to the
criteria in the Performance Test guidelines, you
will not need to spend time working on this mo-
dule. If after taking the Performance Test you
discover there are parts you need to practice,
follow the key to each item in FOR FURTHER STUDY.

Should you decide to completely work through this
module, begin with the INTRODUCTION and go
straight through each of the three lessons. The
lesson begins with the OBJECTIVE of the training.
Follow the instruction for each part in the order
presented. Practice each step in a lesson until
you can do it according to the criteria stated
for the step. At the end of a lesson, do the
EXERCISES. When there are audiovisuals listed at
the end of a lesson, ask your instructor for help
in obtaining them.



USING THESE SELF-INSTRUCTION MATERIALS

Take the
Performance
Test as a
posttest.

Finally, after you have mastered all of the
exercises in each lesson, ask your instructor
to watch you do each item in the Performance
Test. The items in the Performance Test are
intended for use as a posttest to evaluate the
quality of your performance. Turn now to the
Performance Test. :

GUIDELINES FOR INSTRUCTORS

AEEroach

Independent
Sfuax

As a Labora-
tory Workbook

General
Instructions

The approach of these materials is to provide the
student with the opportunity to learn skills of
preparing data for analysis. In several steps
you will have to supply data or arrange for stu-
dents to collect their own data. These data
should contain three or four interrelated vari-
ables. At least one of the variables should have
subvariable components. Supply subvariables if
possible.

Students can work independently and at their own
pace. Depending on the time frame you set for
completing each lesson, you may want to start a
group off in each lesson with a demonstration and
informal presentation.

Alternatively, you may choose to use this module
as a laboratory workbook in a structured labora-
tory session. With this option, you may allow
students greater access to your assistance, espe-
cially in watching them perform the pre- and
posttest portions of the training.

Read through each lesson to anticipate what data
and supplies you will need to make available for
students to use. Also, order any audiovisuals or
reading materials you think may present a comple-
mentary perspective to the training in this mo-
dule. Use the items in the Performance Test as
the minimum requirements for gauging successful
completion of the training.



USING THESE SELF-INSTRUCTION MATERIALS

Specific
Instructions

In this module, students are asked to prepare
data for analysis using a number of basic for-
mats: tables, graphs, and charts. Have on hand
a number of reference materials that supply data
for student use.

In Lesson One you should provide raw (untabula-
ted) data or arrange for students to collect
their own. Be sure the data provided has inter-
related variables and that at least one of the
variables has subdivisions. If possible, provide
one or more variables with sub-subdivisions. Two
sets of data are recommended, one set for the
steps (see Step 1) and another set for the exer-
cises (see Instruction 3).

More data should be provided for the Performance
Test. Under “Tabulating Data For Analysis," you
should supply a set of raw data. Under “Pre-
paring Graphs," you should supply tabulated data
(you may select data from a Key Point in Lesson
One). Under "Preparing Histograms and Frequency
Polygons," you should supply more tabulated data
(you may select data from another Key Point in
Lesson One). Under "Preparing Bar Charts and
Maps," you should again supply tabulated data
(here, also, you may use data from a Key Point in
Lesson One).



INTRODUCTION

BACKGROUND

Numerical information (data) must be organized to make it meaning-
ful. Imagine your checkbook with random, unnumbered. or undated
entries: The addition of "organizers" such as seria! ordering and
dates makes 1ife easier and information more useful. The need for
organized information is critical to science and technology so that
data may be efficiently and effectively analyzed and communicated
to provide answers to questions and to provide bases for decision-
making. Since organized data are essential to successful science
and technology programs, a variety of ways to organize data have
been developed.

Numerical information deals with variables: each property that can
appear in different objects in distinctly different values. Typi-
cal variables are mass, number, size, speed, color, age, tempera-
ture, force, and so on. Most variables can be further divided into
subvariables and sub-subvariables. For example, red and blue are
subvariables of color. Usually, numerical information is first
organized by tabulating it. A table is a systematic arrangement of
data in columns and rows. Each variable, subvariable, or sub-
subvariable normally occupies a single column, with its data run-
ning down the page; rows run across the page and can show relation-
ships between variables at separate intervals. A table is used to
present the data that can be easily read; therefore, a table should
be as simple as possible. Two or three small tables usually are
preferred to a single large table containing many details or vari-
ables. Generally, three variables are the maximum number that can
be read with ease.

It is from tables that graphs and charts are prepared. Patterns
and trends in data are difficult to identify and interpret in
tables when there is a large amount of information. Graphs and
charts help solve this problem by making patterns and trends more
visible. ‘

A graph is a method of showing quantitative data using a system of
two or three coordinates. Typically, each coordinate deals with
one variable. Among the kinds of graphs usually employed by envi-
ronmental health professionals are 1ine graphs, histograms, and
frequency polygons. A line (or curve) graph shows variations in
data by plotting points whose positions are determined by their
respective values in two variables. A histogram is a bar graph of
the number of times (frequency) an event occurs in subdivisions of
a cpecific variable. A frequency polygon shows the frequency of
events from two or more sets of data (variables) in a single
diagram.




INTRODUCTION/BACKGROUND

Charts are methods of illustrating numerical information using only
one coordinate. They are especia’ly appropriate for comparing the
magnitudes of different variables or of components of a whole. Two
kinds of charts generally are used by environmental health profes-
sionals: bar charts and map charts. Bar charts are used to show
and compare magnitudes of events. They can also be used to show
frequency distributions and time series data. Map charts are used
to show the occurrence of events. Spot maps use dots or other
symbols to show locations where events occurred or where a specific
condition exists. Area maps use shaded or coded zones to show the
frequency of an event in subareas or the distribution of some con-
dition. A1l of these data-organizing techniques are intended to
make information collected by environmental health professionals
more meaningful.




INTHWODUCTION

WHAT YOU WILL LEARN

When you finish working through the steps and exercises in this
module, you will be able to construct a table, a graph, and a
chart, using any of a wide variety of environmental health data.

Figure 1. A General Bar Chart Figure 11. Monthly Expendi-
tures on Four Projects, 1979.
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You will learn how to organize data for analysis or for
presentation to others in these three lessons:

0 Lesson One

You will be able to construct a table by organizing data into
rows and columns.

0 Lesson Two

You will be able to construct graphs, including a 1ine graph,

a histogram, and a frequency polygon, by displaying the relation-
ship between two sets of exact data--one set lying along the
horizontal axis and the other along the vertical axis.

0 Lesson Three

You will be able to construct charts, including bar charts
and geographic coordinate charts, by displaying statistical
information using only one set of exact data.

] 1c




LESSON ONE

OBJECTIVE

You will be able to construct a table by organizing data into rows
and columns.

WHERE AND HOW TO PRACTICE

This lesson can be performed anywhere you can find a clean table-
top. Read through each step before working on it. If you have any
questions about anything in the lesson, ask your instructor or
supervisor for help. When you think you know how to construct a
table by organizing data into rows and columns, practice this skill
in the exercises.

HOW WELL YOU MUST DO

You must be able to correctly complete each instruction in the
exercises.

THINGS YOU NEED

You will need the following materials to complete this Tesson:

0 paper

0o pencil

0 ruler

o two sets of data, each with three or four variables. (Ask your
izfgrgctor to supply the data or to check those you supply your-

Instructions: Now turn to the next page and begin work on Lesson

Une, "Getting There--Steps."

11



LESSON ONE

GETTING THERE--STEPS

STEP 1

Numerical information (data)
is organized by putting it
into a table. Most numerical
information consists of
several related variables,
or factors that can change
or have a number of different
values. Common variables
may be factors such as time,
place, temperature, volume,
concentration, speed,

number, and weight.

Obtain a set of data from
your instructor that con-
tains three or four vari-
ables. You will use these
data in the following steps.

STEP 2

To construct a table, you
must decide vhick of the date
belongs to one variable,
vhich belongs to a second
variable, a third variable,
nd so on. Divide the
data you obtained in Step
1 into the separate
variables. List the
numerical information for
each variable in seperate
columns.

KEY POINT 1

A variable is a quantity or
characteristic that can be
measured or observed.

KEY POINT 2
Height Weight Age
75 1in 190 1b 16 yr
62 in 148 1b 15 yr
68 in 172 1b 2% yr
f6 in 130 1b 16 yr

The numerical information for
each variable (e.g., weight) is
listed in a separate column.

12



LESSOM ONE

STEP 3 KEY POINT 3

A table's data are displayed

in rows and columns: Rows Date (1980) Flow (1/s)
read across the page;

columns read down the Jul 6 1550
page. The left-most column, Jul 12 1200
or stub, identifies entries Jul 22 1410
on the rows. The stub Jul 30 1530
generaliy contains entries Aug 7 1650
that tell what the other Aug 15 1700
variables apply to. The Aug 21 1570
cates in thke Key Point 3 Aug 30 1320
table are the stub column. . Sep 3 1100
They tell vhen different Sep N 1140
flow rates were recorded. Sep 17 1210
Choose a stub column from

your lists in Step 2.

Record your stub column on In this table the date is the
the left side of a page and stub column variable. Each row
1ist one of the other shows the rate of flow measured
variables to the right. en a given date.
STEP 4 KEY POINT 4
Tables skould be self-explana-
tory. Labels are important Suspended
in easy-to-read tables. Eack Date Flow | Solids
column is labeled at the top (1980) (1/s) | (mg/1)
to identify the variable.
A unit of measure for each Jul 6 1550 49
variable 1s shovin in abbre- Jul 12 1200 53
viatec form above each Jul 30 1410 42
column. Add another variable Aug 7 1530 39
to your Step 3 list so that Aug 15 1650 41
you have three columns. Label Aug 21 1700 52
each column and show its unit Aug 30 1570 39
~f measure. Box the labels Sep 3 1320 61
«- shown in Key Point 4. Sep 11 1140 42

Sep 17 1210 46

Labels and units of measure are
given for each variable. Here,
(1/s) refers to a flow rate of
liters per second, and (mg/1)
refers to the concentration of
suspended solids in milligrams
per 1iter.

13




LESSON ONE

STEP 5 KEY POINT 5

Data from a single variable
are sometimes divided into sub- Age | 0. of Cases by Race
variables. dJust as each Group i
variable has its own label, (yrs) | White Other
each subvariable must be
labeled. The table in Key 0-14 674 568
Point 5 shows two major
variables: age and number 5-14 526 555
of cases (disease incidence), 15-24 1,263 1,219
which is divided into two
labeled subvariables accord- 25-44 4,017 4,136
ing to race. The sub- 44-64 6,841 4,015
divided variable is never

placed in the stub column. 65+ 5,171 1,853
A straddle line separates
the subvariable headings
from the major variable
heading. Following Steps
1-4, 1ist a variable with
several subvariables, label
each, and include a strad-
dle 1ine. Vertical lines
separating the columns are
optional.

STEP 6 KEY POINT 6

A variable that has been sub- Age | No. of Cases by Race and Sex

divided once may be sub-sub- Group White Other

divided. Each level of the

variable, the major variable, (yrs) Male |Female | Male [Female
the subdivisions, and the

sub-subdivisions must be 0-14 620 580 593 530

labeled and. separated by 5-44 3,126 {2,154 {3,194 {2,161

straddle 1ines. The

example in Key Point 6 shows 45-64 5,198 1,643 13,008 }1,067

a variable (number of cases) 65+ 3,556 {1,715 |1,235 618

that has been subdivided by

race and sub-subdivided by
sex. Following Steps 1-5,
select data that can be
subdivided and sub-sub-
divided. List and label all
divisions and add straddle .
lines Box all parts.

10 14




LESSON ONE

STEP 7

A title identifies the data
in a table. It describes
the content as to the
subject, place, and time.

The title should be numbered.

In Key Point 7, the title
answers the questions of
what, when, and where the
data were collected. The
source of the data is
identified below the
table. Using the table
you prepared in Step 6,
write a correct title
indicating what the sub-
ject is and when and

where the data were recorded.

Indicate your source of data
below the table.

I

KEY POINT 7

TABLE 1. NO. OF NEWLY DIAGNDSED CASES
DF TUBERCULOSIS BY AGE, RACE, AND SEX,
UNITED STATES, 1973*
Age No. of Cases by Race and Sex
Group wnite Uther
(yrs) | Wale Temaie | Male temale
0-14 620 58D 593 530
15-44 | 3,126 2,154 3,194 2,161
45-64 | 5,198 1,643 3,008 1,067
65+ 3,556 1,75 1,235 618
*Source: HEW, PHS, CDC, Reported Morbidity

and Mortality, 1974.

No. 53,

p 2.

The title shows what the
subject is and where and
when the data were collected.
The source of the data is
indicated below the table.

an

Yol. 23,

1




LESSON ONE

EXERCISES

Instruction 1: The following tables have several variables in
columns that appear in random order. Select a column for each
table that would be the best stub column and explain ‘your answer to
your instructor. Circle your answer.

TABLE 1. MOVING AVERAGE AND RANGE

Column a Column b Column ¢ Column d
Moving Average Assay Value Samplie No. Moving Range
17.2 17.1 1 +0.3
17.4 17.3 2 +0.0
17.3 17.4 3 -0.1
17.1 17.2 4 -0.2
16.9 17.0 5 -0.1

TABLE 2. RELATIVE RESPONSE OF SOUND LEVEL METER WEIGHTING NETWORKS

Column a Column b
Weighted Response {dB) Frequency
A B C (Hz)
-39 =17 -3 31.5
-26 -9 -1 63.0
-16 -4 -0 125.0
-9 -1 -0 250.0
-3 -0 -0 500.0

TABLE 3. DOSE BUILDUP FACTOR FOR A POINT ISOTROPIC SOURCE

Column a Column b Column ¢
ux_

1 2 4 MeV Material
3.09 7.14 23.0 0.25 Water
2.52 5.14 14.3 0.5
2.37 4.24 9.47 0.5 Aluminum
2.02 3.31 6.57 1.0
1.98 3.09 5.98 0.5 Iron

12




LESSON ONE/EXERCISES

Instruction 2: The following tables have variables, subvariables,
and sub-subvariables that need to be arranged; straddle lines and
measurement units must also be added in the boxes provided. Each
box has the stub column already labeled. The other labels for
variables, subvariables, and units are randomly 1isted below the
box. Confirm your arrangement with your instructor.

TABLE 4. POPULATION (BY AGE, RACE, AND SEX), THATTOWN, USA, 1975

Age Group
(yrs)

Female
Black
Population
Male

White

Male

Female

TABLE 5. WEATHER CHARACTERISTICS, THISTOWN, USA, 1975-80

Year
(Stub Column)

mph
Rainfall
Day

Wind

Month
Temperature
Inches

High
Degrees (F)

Low




LESSON ONE/EXERCISES

"Instruction 3: Repeat Lesson One using another set of data
suppiied by your instructor. Choose a stub column variable, divide
variables and subvariables, add measurement units, and title the
table. Check your table with your instructor. When you can
correctly tabulate a set of data, you are ready to being work on

Lesson Two.




LESSON TWO

0BJECTIVE

You will be able to construct graphs, including a 1ine graph, a
histogram, and a frequency polygon, by displaying the relationship
between two sets of exact data--one set 1ying along the horizontal
axis and the other along the vertical axis.

WHERE AND HOW TO PRACTICE

This lesson can be performed anywhere you can find a clean table-
top. Read through each step before working on it. If you have any
questions about anything in the lesson, ask your instructor or
supervisor for help. When you think you know how to construct line
graphs, histograms and frequency polygons, practice these skills in
the exercises.

HOW WELL YOU MUST DO

You must be able to complete correctly each instruction in the
exercises.

THINGS YOU NEED

You will need the following materials to complete this lesson:

o graph paper (for example, use graph paper that is gridded into
10 x 10 squares per inch with every 10th 1ine heavy)

o pencil ‘
0 ruler

o Data Sets A-G (pages 16-20 of this module).

15



LESSON TWO

DATA SET A DATA SET B ‘
Average Pulse Rate for Particle-Size Distribution
Patient #1 from 7 a.m. to 7 p.m. for Aerosol Type X
Pulse Rate S1ze Number of

Time (beats/min) (um) Particles/cm3
7 a.m. 65 0.5 10

8 65 0.7 22

9 67 1.0 26

10 70 1.4 29

n n 2.0 37

12 p.m. 69 2.7 28

1 70 3.8 22

2 68 5.4 14

3 67 7.7 8

4 68 10.9 4

5 68

6 67 Source: 1invented

7 68

Source: 1invented

20




LESSON TWO

DATA SET C DATA SET D
Average Pulse Rate Particle-Size Distribution
for Patient #2 from for Aerosol Type Y

7 a.m. to 7 p.m.

Pulse Rate Size Number of

Time (beats/min) (um) Particles/cm3

7 a.m. 68

8 69 0.5 6

9 69 0.8 13
10 n 1.2 21
1 72 1.6 24
12 p.m. 74 ) 2.0 30

1 72 2.5 37

2 n 2.9 45

3 n 3.5 39
4 69 5.6 22

5 68 8.0 16

6 69 10.5 7

7 68
Source: invented Source: invented

21




LESSON TWO

DATA SET E

Number of Reported Cases of Influenza, Sample City, 1970

week ct Onset of IlTness No. of.Cases
1 | 0
2 6
3 7
4 12
5 15
6 10
7 5
8 2
9 0

Source: invented




LESSON TWO

DATA SET F

Number of Reported Cases of Influenza Types A, B, and C by Week of
Onset, Sample City, 1970 '

Week of Onset of ITTness ~—Torof TnfTuenza Cases

Type &__Type B Type U Total
] 0 0 0 0
2 4 0 2 6
3 4 1 2 7
4 8 1 3 12
5 10 2 3 15
6 6 2 2 10

el [oo] ~
o —_
c pu—]
o o
o nN

Source: invented




LESSON TwWO

DATA SET G

Expenditure on Laboratory Equipment
for Project X, 1979-80

Month txpenditure (¥)
Dec 0
Jan 50
Feb 80
Mar 150
Apr 0
May 100
Jun 50
Jul 30
Aug 30
Sep 20
Oct 0
Nov i0
Dec 0

Source: invented

Instructions: Now turn to the next page and begin work on Lesson
Two, "Getting There--Steps."




LESSON TWO

GETTING THERE--STEPS

STEP 1 KEY POINT 1

To draw a graph, you must
first choose the axes (right Figure 1. A General Graph.
angle lines) on which to '
place the variables from your
data. Usually the variable
on the horizontal (x) axis is
the independent variable

(the method of classification,
such as time or age), while
the variable on the vertical
(y) axis is the dependent
variable (often the frequency
of occurrence of an event).
Find Data Set A in "Thirgs

y-axis
dependent variable

You Need." 1Identi fy the indepe:;:ﬁsviai'iab]e

independent and dependent
variables. On graph paper

draw a set of axes; place The vertical (y) axis shows
(1abel) the Set A variables the dependent variable; the
on the proper axis. Number horizontal (x) axis shows the
and title your graph. independent variable.

STEP 2 ' KEY POINT 2

Choose a scale (progressive

graduated series) for each Figure 2. A General Graph.
axis in Step 1. The axis 6

may have different scales, ’"}

but on each the intervals 5 < Note: equal intervals
must represent equal numerical }

values. Identify the range sk

of the variables in Set A.

Count the number of spaces on 3

each axis needed to fit the
data. Extend the axis slightly 2}
beyond the ranges. A wide

range of numbers can be dis- [~ Note: equal intervals
played in a small space by NS
&  Proper scale selection. e i ccale

Label the scale divisions

and specify the units (e.g.,

hour) into which the scale 'Equal interval scales make up

is divided. each axis. The axes and the units
in each scale are labeled.
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LESSON TWO

22

STEP 3

Locate and mark the data
points from Set A on the
graph preyared in Step 2.
To find each point, first
locate the value of an
independent variable on

the x-axis. Move your fin-
ger or a pencil vertically
upward to the position that
is opposite the correspond-
ing value of the dependent
variable on the y-axis.
Mark this point. Continue
to mark points for all of
the data in Set A. Connect
the points with a line.

STEP 4

Repeat Steps 1, 2, and 3
using Data Set B. These data
illustrate how changes in
one factor, the independent
variable (particle size),
affect another factor, the
dependent variable. Draw
axes, choose the proper
axis and scale for each
variable, label the axes
and scales, piot and
connect the data points,
and number and title the
graph.

KEY POINT 3

Figure 3. A General Graph

LR BRI

Dependent Variable
}L

x value

T 1 V1

[ U B 7./ T O O B I

Independent Variable

Each point on the graph shows
where the values of an inde-

pendent and a dependent variable-
meet.

KEY POINT 4

Figure 4. Engine Efficiency.

35
0F
o) of
20
5
1 [1] o

Miles per gallon

L i 1 1 i L

150 200 250 300 350 400
engine capacity {in3)

Plotted data show the rela-
tionship between dependent and
independent variables.



LESSON TWO

STEP 5 KEY POINT 5

Graphs can be used to show . .

more than one set of data. Figure 3., prarage Noise

Key Point 5 shows how two 100 b=

data sets (average noise _ = — Week ]

levels for 2 weeks) can be g 90 == ek 2

plotted on the same axis in a % 8ol

single figure. (Note: A 3

di fferent kind of Tine, g 10

identified by a legend, is H AN /

used for each set of data.) . or P

Following Key Point 5, repeat 5 sof s

Steps 1, 2, and 3, plotting z

two lines from Data Sets A o

and C on the same graph. N S N SR N B

Then repeat Step 4 plotting s M T W T

two lines from Data Sets B Oay

and D.
Two data sets can be shown on the
same figure. Each data set is
represented by a different 1ine
and identified in a legend.

STEP 6 KEY POINT 6

A histogram uses data from a

frequency distribution (the Figure 6. Histogram Axes.

number of times an event -

occurs in given intervals).
In histograms, the interval
scale usually appears on
the horizontal axis and the
frequency scale appears on
the vertical axis. The
scale for each axis is
usually continuous. Draw
and label a set of axes

for Data Set E.

Frequency Scale

- N W s N
!

d i 1 1 1 1
a b ¢ d e f

Interval Scale

In a histogram, the x-axis
usually shows the event
intervals and the y-axis
the frequency of events.
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LESSON TWO

STEP 7 KEY POINT 7

Select a scale for each axis

in Step 6. As in graphing Figure 7. A General Histogram.
(see Step 2), all scale units

on each axis are identical in B

size and are continuous. B

Choose a scale for each —

variable in Data Set E and

add them to the axes. Label
each axis and scale. Add

vertical spaces of the same
width to show the frequency —
of occurrence of the event in
each interval. Give the his-

Frequency

togram a complete title, in- ]
cluding number, identity of
data, place, and time. Interval
Scales on each axis are con-
sistent. Vertical bars show
frequency of event.
STEP 8 KEY POINT 8
The bars of a histogram may Figure 8. F £ Cold
show the proportionality of a T;SZ? Samp;:qg"i!:;{ Y975,
frequency distribution, or - ‘ Cold
show how several components ~ Type A []
combine to make a total. - :
Variable components (sub- | Type 8
totals) are stacked on each Type C

other, each with its own
identity, to make the total.
A legend identifies each
component. Using Key Point
8 as a model, and Data Set
F, draw a histogram that in- B
cludes subtotals in each bar.
Label the axes and scales, -

Number of Cases
i1
AN

7,

N

Jan Feb Mar "~ Apr May Jun

provide a legend, and give Month of occurrence
the histogram a number and
title. Show how subtotals make up the

total by adding coded bars.




LESSON TWO

STEP 9

Frequency polygons, like his-
tograms, use frequency dis-
tribution data. Instead of
bars, a frequency polygon is
constructed by plotting in-
dividual values of the event
at the midpoints of their
respective intervals and
connecting them with a line.
Key Point 9 shows the his-
togram from Step 7 displayed
as a frequency polygon.
(Note: The histogram is
incTuded only to show that
the two forms represent the
same data; do not show the
corresponding histogram on
the same graph with a fre-
quency polygon.)

STEP 10

Using Data Set G, and follow-
ing Steps 7-9, set up axes
and scales and plot a fre-
quency polygon. When the
frequency of an event in a
given interval is zero, the
data point falls on the
horizontal axis at the mid-
point of that interval as
shown in Key Point 9. When
you have completed the fre-
quency polygon for Data Set
G, check to see that you
have labeled each axis and
scale and have given the
figure a number and title.

KEY POINT 9

Figure 9.
Polygon.

A General Frequency

Frequency

interval

Plot the data points (including

zero) at the interval midpoints.

Do not put a histogram in the
same figure.

KEY POINT 10

In frequency polygons, zero
points are always marked on the
x-axis. Titles and labels are
always given. "
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LESSON TWO

75

STEP N

Frequency polygons often
present more than two sets
of data. Following the
example in Key Point 11,

use Data Set F to construct
a frequency polygon that
includes data from four sub-
variables. Use four kinds of
1ines and include a legend
to indicate what each line
represents.

KEY- POINT 11

Figure 11. Monthly Expendi-
tures on Four Projects, 1979,

Project A

R —

—

Do IR PV - NS T - T I - Y - i == )

[

r1r1rryrru1ruya

Expenditures ($ x 100)

'V AV I A A W

JFMAMUJIJIASOND

A legend is used when more than
one set of data are shown in a
frequency polygon.
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LESSON TWO

EXERCISES

Instruction 1: Graph the following data in a single figure. Be
sure to complete the figure by adding appropriate labels, numbers,
and title. Check the finished graph with your instructor.

TABLE 1. MONTHLY AVERAGE RATE OF FLOW OF THE LONG RIVER,
1978-80

Average Flow {T/m)

Month 1978 1979 1980
dan 1,960 2,038 1,996
Feb 2,050 2,090 1.961
Mar 2,435 2,384 2,1
Apr 2,67 2,609 2,452
May 2,390 2,462 2,582
Jun 2,010 2.21n 2,413
Jul . 1,842 1.939 2,207
Aug 1.813 1,902 2,102
Sep 1.782 1.857 2.183
Oct 1.886 1.879 2,067
Nov 1,945 1,022 2.008
Dec 2,003 1.968 1,972
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LESSON TWO/EXERCISES

Instruction 2: Plot a histoggam of the following data in a single
tigure. Label and title the figure. Check the finished histogram
with your instructor.

TABLE 2. FISH CAUGHT IN ROUND LAKE OVER MANY YEARS

Number of Fish Caught

Da te rerch Lisco carp Total
1910-1919 2 26 2 30
1920-192¢9 12 20 6 38
1930-1939 24 9 10 43
1940-1949 9 0 5 14
1950-1959 0 0 0 0
1960-1969 12 0 5 17
1970-1979 14 2 9 25

Instruction 3: Using the data in Table 2, plot a frequency poly-
gon. Check the finished frequency polygon with your instructor.

When you can correctly produce graphs, histograms, and frequency

polygons, you are ready to being work on Lesson Three.

32
28




LESSON THREE

OBJECTIVE

You will be able to construct charts, -including bar charts and
geographic coordinate map charts, by displaying statistical infor-
mation using only one set of exact data.

WHERE AND HOW TO PRACTICE

This lesson can be performed anywhere you can find a clean table-
top. Read through each step before working on it. If you have any
questions about anything in the lesson, ask your instructor or
supervisor for help. When you think you know how to construct bar
charts and geographic coordinate map charts, practice these skills
in the exercises.

HOW WELL YOU MUST DO

You must be able to complete correctly each instruction in the
exercises.

THINGS YOU NEED

o graph paper
o pencil
o ruler

o map of the United States showing locations of States and prin-
cipal cities

o six copies of the following outline map of the United States:

!
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LESSON THREE

THINGS YOU NEED (cont'd)

o Data Sets A-F (pp. 30-34 of this module).

DATA SET A

REPORTED CASES OF RABIES IN HUMANS BY YEAR,
UNITED STATES, 1950-60

Year Number of Reported Cases
1950 16

1952 24

1954 14

1956 10

1958 5

1960 2

DATA SET B

PERCENTAGE OF MALES AND FEMALES IN VARIOUS AGE GROUPS,
— ANY CITY, 1970

% of Population

Age Group Male Female
1 46 54
1-4 49 51
5-14 50 50
15-44 48 52
45+ 45 - 55
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LESSON THREE

DATA SET C

POLLUTANTS ENTERING
BEA POND, 1970-79

Pollutants (kg)

Year Inorganic_ Urganic otal
1970 4 28 32
197 6 27 33
1972 14 23 37
1973 n 24 35
1974 22 22 44
1975 23 26 49
1976 24 28 52
1977 20 25 45
1978 20 21 4
1979 17 19 36
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LESSON THREE

DATA SET D

POPULATION DENSITY

City Persons/sq mi
Albuquerque ....cceeeeecens 205
Atlanta .ccvveeecrcccnnnnss 492
Austin c.oevvvriecnecccecens 256
Baltimore ..oceeececencess 1082
Birmingham .....co000veeeee 404
BOStON covvveevcrccccecnees 940
BUFfalo cevessnenncssconcee 548
Chicago seeovveeecceccnnce 1039
Cincinnati ....covvveeceen. 655
Cleveland ....cceeveennnens 788
Columbus ...ovveeecvcecnnns 600
Dayton ...cceeeececcccoccene 598
Denver ...cceviereccccccecce 455
Detroit .vviveereeccscenceee 893
Fort Worth-Dallas ......... 382
Houston ...ceveveecnccccens 338
Indianapolis .eeeeessccncss 593
Jacksonville ...ceeceeeeess 317
Kansas City ..coeevvccccess 420
Los Angeles ..vveeecvcecees 516
Louisville ceeeerecncececee 555
Memphis coevveesveeccrceene 416
Miami ..oveeveeneeceencenne 266
Minneapolis-St. Paul ...... 500
New Orleans ...ceeeeecoees 454

~New York .......... coseres 2872
Norfolk eoeceeeocss cesesese 582
Oklahoma-City .eceveceeceee 324
OMmaha c.ocivennncnncnncccnns 364
Philadelphia ccvvveeeeceee 1387
Pittsburgh ...cccevvveeeene 737
Portland ......coenennnnnee 257
Richmond ....coeevvnncennes 621
Salt Lake City-Ogden ...... 219
San Diego ceeececcnstncenns 252
San Francisco .veeececcess 692
Seattle ..cvvvveecrcreennes 222
Spokane ....ceevtineccnnene 162
St. Louis ceevennnnennennes 872
Tampa-St. Petersburg ...... 323
Washington, D.C. ......... 1023
Wichita ...cviienecnccecens 308




LESSON THREE

DATA SET E .
, ACTIVE
PROFESSIONAL NURSES
(per 100,000
Civilians: 1962)
Rank State No.

T. MK 502
2. NH 401
3. VT a5
a, T 440
5. RI 396
6. DE 391
7. NY 388
8. My 384
9. ME 37

10. PA 37

. 0 370

12. MT 349

13. N 348

14, R 348

15. ND 340

16. WA 337

17. AZ 335

18. W 332

19, WY 325

20. CA 324

21. IA 320

22. NE 320

23. FL 302

24,  OH 295

25. L 29

26. HI 288

27. AK 287

28. KS 284

29, D 276

30. O 270

31. ML 266

32. NV 262

33, IN 248

34, W 248

35, M0 246

36. VA 235

37. uT 234

38, NO 231

39. Mo 220

40. sc 214

a1, M 213

42. LA 198

43, GA 194

4. N 77

4.  KY 175

46. X 172

47. K 163




LESSON THREE

DATA SET F
DEATH RATES BY ACCIDENT IN THE UNITED STATES, 1978

Death Rate Death Rate
State (Per 100,000 population) State (Per 100,000 population)

AL 66.1 MT 69.7
A 60.6 NE 47.9
AZ 69.3 NV 73.4
AR 111.4 NH 38.2
CA 50.0 Ng 33.4
co 51.6 NM 80.7
cT 33.9 NY 33.5

] DE .4 NC 56.5
FL 50. 2 ND 59.3
GA 58.6 OH 2.6
HA 35.5 0K 63.3
ID 69.3 OR 58.3
I 42.9 PA 40.0
IN 47.6 RI 29.7
IA 47.8 s 59.5
KA 54.0 SD 57.8
KY 52.6 ™ 57.4
LA 59.9 TX 55.5
ME 46.1 uT 56.0
MD 38.1 vT 50.7
MA 40.0 VA 46.6
MI 43.3 WA 53.9
M 48.5 WY 57.2
S 72.3 WI 42.6
MO 53.6

WY 79.8

Instructions: Now turn to the next page and begin work on Lesson
Three, "Getting There--Steps."




LESSON THREE

GETTING THERE--STEPS

STEP 1

Bar charts show comparative
magnitudes of different
events or of components of
an event. Unlike histograms,
spaces separate the bars in
bar charts. Depending on
axis selection, bars may be
placed either vertically or
horizontally. An arbitrarily
selected width is uniform
for all bars. Bar length is
proportional to the frequency
of the event. Bars may be
arranged randomly, serially
(e.g., by time), or in
ascending or descending
order. Following Key Point
1, use Data Set A from
"Things You Need" to draw

a bar chart. Number and
title the figure and label
each axis and scale.

STEP 2

Each interval in a bar chart
may contain two or more bars
to show comparative pro-
portions. If an interval
has more than one bar, each
shouid be iflustrated dis-
tinctively by a code. The
codes must be shown in a
legend, as in Key Point 2.
Using Data Set B, draw and
label a bar chart showing
comparative sizes within a
population.

KEY POINT 1

Figure 1. A General Bar Chart

Frequency of Event

0

A 8 o ] E
Event

Bar charts show comparative mag-
nitudes of different events.

KEY POINT 2

Figure 2. Grade Distribution
on Two Tests.

3 o-50

23 s1-1w00

Humber of Score
-

ERR

AN

Test

Two or more bars in a single in-
terval show comparative propor-
tions of event components.
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LESSON THREE

STEP 3

Bar charts may also be used
to show comparative pro-
portions of a total and the
frequency distribution of an
event over time. Key Point 3
has a bar chart that illus-
trates both uses. The total
bar height represents the
total frequency of the event.
Bar components, each dis-
tinctively marked, show com-
parative subtotals. The
events are displayed as they
occurred over time. Follow-
i 4 Key Point 3 and using
Data Set C, complete a bar
graph that shows comporents
of an event and a frequency
distribution over time.

STEP 4

Spot maps are made by placing
a dot or other symbol on a
map at the site where a situ-
ation exists or an event oc-
curred. The simplest spot
maps use only one kind of
symbol (e.g., 2 dot). Using
an outline map of the United
States, a map showing The
tocations of major U.S,
cities, and the numbers

from Data Set D, place a

dnt on the map at each lo-
cation with a population
density greater than 500
persons per square miie.

KEY POINT 3

Figure 3. Air Pollution From
Automobiles, 1971-75.

Carbon Monoxide
D Other Pollutants

Ik

191 72 73 %75
Yyear

Tons of Pollutants

LBEER LR

Bar charts can show frequency
distributions over time.

KEY POINT 4

Figure 4. Stream Sampling
Sites in the Susquehanna
River Basin.

Spot maps portray the'geographic
distribution of events'or condi-
tions.
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LESSON THREE

STEP 5

Spot maps can show geographic
distributions of a variety of
events or condi:ions. A
legend identifies each symbel
(see Key Point 5). Using an
outline map of the United
States, a map showing the
location of principal U.S.
cities, an atlas, and Data
Set D, draw a spot map to
show a variety of popula-
tion densities. Determine
the divisions by which you
can group the data. For
example, you may select
three groups (<500, 501-
1,000, >1,000). Assign a
symbol to each group and
place the appropriate symbol
at the proper map locations.
Include a legend and map
title.

STEP 6

Area maps also show the geo-
graphic distribution of a
condition or event. They use
codes (visual symbols) to
represent var,ous distribu-
tions. Several methods can
be used for grouping data.
The simplest method is to
arbitrarily divide the

data at convenient breaks
{(se2 Key Point 6). Using

an outline map of the United
States, a map showing the
locations of the States,

and Data Set E, draw an area
map showing the distribution
of nurses. Choose at least
four groups of numbers, se-
lect a code for each group,
and complete the map with

a legend and title.

11

KEY POINT 5

Figure 5. Reported Cases of
Rocky Mountain Spotted Fever,
Oklahoma, 1974.

W 1 Case

® 2-4 {ases
A >4 Casas

Symbols on spot maps show vari-
ous frequencies or concentrations.

KEY POINT 6

Fecal Coliform Bacteria, 1975-78

2 ../}’//, % ( k

. %@%%h ),
5 .c~~11.f”w”'

A ARl

y: AT Ny )

B =
Percent of measurements in violation
99-100% 0-1%
50-99% No data
1-50% 1975

Codes in area maps show dis-
tributions of conditions or
events.
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LESSON THREE

STEP 7 KEY POINT 7

Another method of selecting Area maps can show data grouped
groups is to rank order (e.g., by rank. The entire data set
1ist from highest to lowest) is rank ordered and divided into
all of the values to be equal-sized groups. The group
coded. Using Data Set E, ranges are adjusted to be con-
divide the 1ist into five tinuous. Each group is coded

equal-sized and mapped.
groups. Record the range

of data (number of nurses)
that correspond to the

States that begin and end
each group. Adjust the range
of each group so there are

no gaps between the end of
one group and the beginning
of the next, following this

example:
Original
Range of Adjustment Adjusted
Group Numbers of Ranges Range
1 100-163 163 + 1/2 (175-163) = 167 100-167
2 175-198 198 + 1/2 (212-198) = 205 168-205
3 212-300 206-300
Assign an area code to each
group and code each State
using the code appropriate
for that State's data. Com-
plete the map with a legend
and title.
‘:ze




LESSON THREE

STEP 8 KEY POINT 8

The third method of grouping Groups of equal range size
is to separate the data so can be shown.. Determine the
that each group has the same range of the data set and
size range. Using Data Set select the number of groups
E, calculate the total to be shown.

range by subtracting the
lowest data point from the
highest. To calculate the
range size for each group,
divide the total range by
the number of groups you
choose. For example, to
map two groups, divide the
total range by two.

STEP 9 KEY POINT 9

From Step 8, the total range Each group is assigned its own
is 382 (502-120=382). For code. Codes are explained in a
two groups, each range is 191 legend.

(382+ 2=191). Add the range
size, 191, to the lowest data
point, 120, twice to identify
the range for each of your
two groups:

A. 120 through (120 + 191)=
120 through 311

B. 312 through (120+191+191)=
312 through 502.

As in Steps 6 and 7, assign a
code to each group and map
the States. Repeat this pro-
cedure with four groups in-
stead of two.




LESSON THREE

EXERCISES

Instruction 1: Using the data from Lesson One, Step 3, construct a
par chart. L[abel and title the figure. Check the bar chart with
your instructor.

Instruction 2: Using the data for the first two age grougs in
Lesson Une, Step 5, construct a bar chart with a sing'e bar for
each group showing the comparative proportions. Label and title
the figure. Check the bar chart with your instructor.

Instruction 3: Develop a spot map of the words on this page
showing, with di fferent symbols, the position of all capita’
letters and punctuation. Label and title your figure.

Instruction 4: Using Data Set F and three outline maps of the
United States, develop three different area maps as follows:

(1) A map in which groups are formed by arbitrary division.
(2) A map in which the groups have an equal number of States.
(3) A map in which each group has the same size range.

Check the area maps with your instructor.




PERFORMANCE TEST

Instructions: Check your skill level or progress by working
through each of the items in this test. If you can perform each

item as required, place a check in the space provided. When all of

the items are checked, you are ready to demonstrate your skills to
your instructor. You may use the foliowing list if needed. You
will be considered trained in a skill after your instructor
approves your performance of each of the following items:

TABULATING DATA FOR ANALYSIS

No. 1 Identify the variable, subvariables and sub-sub-
variables, using a set of data provided by the
instructor.

No. 2 _ Select one variable for a table's stub column.

No. 3 __ Set up and completely label the table.

No. 4  List all data in the appropriate rows and columns.
No. § Provide a complete title for the table.

FOR FURTHER STUDY

If you could not perform one or more of the five items above,
review and practice the following lesson steps:

No. 1
Lesson One, Steps 1, 2, 5, and 6

No. 2
Lesson One, Step 3

No. 3
Lesson One, Steps 2 through 6

No. 4
Lesson One, Steps 2 through 6

No. 5
Lesson One, Step 7
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PERFORMANCE TEST

PREPARING GRAPHS

No. 1 Identify an independent and a dependent variable using
data supplied by your instructor.

No. 2 Select the proper axes on a graph for the independent
and dependent variables.

No. 3 Choose the appropriate scale for each axis of the 1line
graph.

No. 4 Label each axis correctly.

No. 5 Plot data points accurately on the graph.

FOR FURTHER STUDY

If you could not perform one or more of the five items above,
review and practice the following lesson steps:

No. 1
Cesson Two, Steps 1, 4, and 5

No. 2
Lesson Two, Step 1

No. 3
Cesson Two, Step 2

No. 4
Cesson Two, Steps 2 and 5

No. 5
Lesson Two, Steps 3, 4, and 5

PREPARING HISTOGRAMS AND FREQUENCY POLYGONS

No. 1 Select the proper axes to construct a histogram using
data supplied by your instructor.

No. 2 Draw and 1abel each histogram axis.

No. 3 Select and add proper scales to the axes.

No. 4 Complete the histogram by adding the appropriate bars.
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PERFORMANCE TEST

No. 5 Give the histogram a complete title.

No. 6 Prepare a set of axes, with labels and scales, for a
frequency polygon supplied by your instructor.

No. 7 Complete the frequency polygon and include a title.

FOR FURTHER STUDY

If you could not perform one or more of the seven items above,
review and practice the following lesson steps:

No. 1
Lesson Two, Step 6

No. 2
lL.esson Two, Steps 6 and 8

No. 3
Lesson Two, Step 7

No. 4
Cesson Two, Steps 7 and 8

No. 5
Lesson Two, Step 7

No. 6
Lesson Two, Steps 9 and 10

No. 7
Lesson Two, Steps 10 and 11

PREPARING BAR CHARTS AND MAPS

No. 1 Prepare a simple bar chart showing comparative fre-
quencies using data supplied by your instructor.

No. 2 Prepare a bar chart showing comparative proportions
of frequencies.

No. 3 Prepare a spot map using a map of the locations of
principal U.S. cities, an outline map of the United
States, and Data Set D, Lesson Three, showing
locations with population densities of less than 200
201-300, and 301-400 persons/square mile.

43



PERFORMANCE TEST

No. 4 Prepare an area map using an outline map of the
United States and Data Set E, Lesson Three, using the
rank-order method and showing seven equal-sized
groups.

No. § Prepare an area map using an outline map of the
United States and Data Set E, Lesson Three, showing
six areas with the same size ranges.

FOR FURTHER STUDY

If you could not perform one or more of the five items above,
review and practice the following lesson steps:

No. 1
Cesson Three, Step 1

No. 2
Lesson Three, Steps 2 and 3

No. 3
Lesson Three, Steps 4 and 5

No. 4
Lesson Three, Steps 6 and 7

No. 5
Lesson Three, Step 8
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